Abstract The ready made garment in Egypt is facing tremendous competition in the local and external markets. Most of the garment mills pay more attention to the quality export products and neglect the local market, so by the time they are losing the local market share which is gained by the Chinese and the Syrian products. One of the major problems found in many ready made garments is the degradation of the elastic band due to laundry. Therefore, the aim of the work is to study the methods of testing and factors affecting the performance of the elastic band due to successive washes, in order to insure good performance during usage.
Introduction
Elastic band is made from a series of rubber; this rubber is either natural or synthetic rubber. It has significant value for use in textile industry because of its excellent elongation and recovery properties. The word ''Spandex'' is a general term used to define elastic material. E.I. Dupant de Nemours and Co. [1] was one of the first who developed LycraÒ spandex yarn.
The use of elastic yarn in fabric manufacturing gave new life to the use of elastic fabric in fashionable garment. This fabric is characterized by new visual and tactile aesthetics, beside its new fabric properties, such as high stretch and recovery, made it possible to use in swimwear, bras, panties, sports wear and many other end-uses. Nowadays, it is also of great importance in medical application.
Review of literature
The type of elastic band is categorized by how it is constructed and its fiber content as: Braided elastic, knitted elastic, woven elastic and transparent polyurethane, also called clear elastic, which is a synthetic product that stretches three to four times its original length [2] .
The use of elastic material is not only important in domestic garment and fashion, but it is extremely important in compressive garment which is becoming an important and growing part of the medical textile and textile industry. Several researches have discussed the importance of compressive garment in health care [3] [4] [5] [6] [7] [8] .
Rezk and Malek [9] studied the effect of successive washes on the performance of the elastic tape used in domestic garment. It was found that the knitted elastic tape has more elasticity than the woven tape, and that increasing the width of the tape the extensibility and recovery of the tape decreases with successive washes. This research studied also the effect of different seam type on the performance of the elastic tape in garment; it was found that the turned seam has much more strength to withstand the successive washes of the garment without losing its recovery.
Nature of problem
One of the growing problems in Egyptian garment; is that they give much more care to the export products and neglects the local market. This causes the lose of the local market share which is gained by the Chinese, Turkish and the Syrian products. These products have lower prices and/or better quality than the Egyptian ones. Therefore, the garment mills should take serious steps to regain the customers' satisfaction to buy the Egyptian products again.
Many garment mills faced the problem of elastic band degradation due to laundry. For this reason, the aim of this research work is to study the methods of testing and the factors affecting the performance of the elastic band due to successive washes, in order, to reach the optimum condition for the most durable elastic band.
Materials and methods
The following section describes the methods of testing and the material used in this research work.
Elastic band testing
The elastic band can be tested from two different points of views. The first method as an elastic fabric; in this case it will be tested by the ASTM D 5278-92. This test method is considered satisfactory for acceptance of commercial shipments because the test method is used in the trade for acceptance testing. Thus the use of this method requires the selection of a mutual agreement upon the breaking load at which the results will be determined [10] . Therefore this standard can not be used by the garment mill to take a decision about the quality of the elastic band, it can only be used to compare between the different elastic tapes and it will not indicate the performance of the tape when used in the garment and its performance after wash.
The second method, the elastic band can be tested as a secondary raw material in garment manufacture or as an accessory; in this case it will be tested according to the Federal specification JJ-W-155F [11] , which measure the resistance of the elastic band to degradation by two methods. In the first method; the sample of the elastic band under study is marked such that the distance between the two marks is 10 in. Then the sample is subjected to accelerated aging (expose to 150°C for 2 h in a circulated air oven). Then the sample is cooled down to room temperature. Then the sample is stretched 50% and kept in this condition for 24 h. then left to relax for 10 min. and the distance between the two marks is measured. Usually any growth over 7-8% is not acceptable and any shrinkage is unacceptable because it will result in a tight fit. This method accelerates the effects of laundry on an elastic band.
Another method of measuring resistance to degradation is to measure the loss in strength of elastic band due to laundry. In this method the force required to stretch the elastic band up to 50% is measured before and after laundry. The sample is considered accepted if the loss in the force after three washes is up to 10% of the original force. More than 10% loss in the force after three washes indicated that such an elastic band will not fit snugly. This method was used in the experimental work of the research. A modification of the above method is to subject the elastic band to accelerated aging instead of laundry and then calculate the loss in the force required to stretch it to 50%. These two methods are more suitable for garment manufacturing mills to test the elastic band and its performance in the garment before assembly.
Material used
Fifteen samples from different types of elastic band were tested according to the Federal specification JJ-W-155F [11] . The force required to stretch the elastic band 150% was measured before washing and after washing. Then, the percentages change the forces before and after washing was calculated.
The experiments were carried on a tensile instrument with 150 mm/min speed and the sample length was 15 cm.
Two different materials were studied: 100%polyester and cotton-polyester elastic bands. Two different elastic structures were studied; knitted and woven elastic bands. The effect of finishing was investigated; using three methods finishing with a solvent, agent and only water, on the other hand, using gray or unfinished elastic bands. Finally, three elastic band widths were used; 2, 2.4 and 3 cm wide.
Results and discussions
In order to investigate the affect of the factors under study (Material, Structure, Finishing method and the Width) on the percentage changes in the extension force before and after washing.
Step wise regression was used. The following Table 1 shows the factors under study in the experimental design and the tested results.
From the analysis of the results, the following Table 2 shows the coefficients of the significant factors under study.
As it can be seen, from the last Table 2 , all the factors interact together, which make its difficult to find the best condition for the most durable elastic band. But it is clear that the finishing process by any method improves the durability and reduces the percentage change in the extension force. Also increasing the width of the elastic band increases its durability, this agrees with the previous research [9] . The following Figs. 1-4 show the predicted values of % change in force and the actual values for the significant factors.
The affect of washing and storage of elastic band can be seen in the flowing figures. Fig. 5 shows the force-extension curve for a stored sample before wash and after wash. Similarly, Fig. 6 shows the force-extension curve for a new product.
The following Fig. 7 shows the average force at 150% extension for the old and the new elastic bands before and after washing.
As it can be seen from the last figure the average forces, required for 150% of the elastic band before and after wash is less in the case of old or stored elastic band than the new or fresh elastic band. This means that the elastic band becomes stiff and losses its extensibility by long storage and may become fragile. This means that the products with elastic bands should not be stored for long time after manufacturing, other wise it will lose its extensibility. Also, it is clear that the washing process decreases the amount of force required to reach the same extension. Finally, although most of the studies in the literature stated that the extension force should be measured to test the performance of elastic band. From the results it may be concluded that the energy at the 150% extension, represented by the area under the stress-strain curve is the most important factor, when comparing the performance of the elastic band. The following Table 3 shows a paired comparison, between the forces and the energy at 150% before and after washing for the old and the new products.
As seen from table there is high correlation 0.97 between the percentage change in energy and the percentage change in forces before and after wash. This proves that the change in the energy is more important than the change in force percentage before and after wash.
Conclusion
This research work studied some of the factors affecting the performance of the elastic band due to successive washes. Like, the material, structure, finishing methods and widths of elastic band.
It was also found, that the type of the rubber band used and the way of storage before and after manufacturing have a great influence on the performance of the elastic band in the garment. Also, it is important to check that the rubber band is not stored for a long time at the supplier as this may affect the performance; even though; the price may be less. Finally it is recommended to store even the manufactured garments in a well ventilated place away from humidity and direct sun light as specified by the manufacture of the rubber band.
